OBJECTIVEdIt has been postulated that the effectiveness of bariatric surgery varies between ethnic groups. However, data regarding this topic are inconclusive, as most studies included few patients from minority groups. We conducted a meta-analysis to determine the difference in percentage of excess weight loss (%EWL) 1-2 years after bariatric surgery in people of African and Caucasian descent. We also studied differences in diabetes mellitus (DM) remission.
O besity and its associated morbidities have become a major public health problem in both developed and developing countries (1) . Compared with conventional behavioral and pharmacological interventions, bariatric surgery is the only long-lasting, effective treatment for morbidly obese patients (2) . Besides weight loss, another remarkable effect of bariatric surgery is the profound and durable remission of type 2 diabetes (3).
However, the beneficial results after bariatric surgery seem to differ interindividually; indeed, it is postulated that the effectiveness of bariatric surgery, in terms of weight loss, varies between ethnic groups (4) (5) (6) (7) (8) (9) (10) (11) (12) . Unfortunately, the data published concerning this topic are inconclusive, as most studies included only a few patients from minority groups and/or did not find statistically significant differences between the ethnic groups studied. We conducted a systematic review and metaanalysis to determine the difference in percentage of excess weight loss (%EWL) 1-2 years after bariatric surgery in people of African and Caucasian descent. As a secondary outcome, we studied differences in diabetes mellitus (DM) remission after surgery.
RESEARCH DESIGN AND METHODSdThe Preferred Reporting
Items for Systematic Reviews and MetaAnalyses (PRISMA) was used as a guideline for this study (13) .
Together with the clinical librarian at our institution, we performed an electronic search of MEDLINE and EMBASE. We searched publications from 1 January 1978 through 1 November 2011 to identify studies that included patients of both African and Caucasian descent and that reported on %EWL and/or DM remission after bariatric surgery. The following text terms and medical subheading (Mesh) terms were combined: "Bariatric Surgery" [Mesh] . We limited our search to research performed in humans and reported in English. The reference lists of included studies were searched manually for further relevant studies.
Study selection
Two reviewers (W.M.A. and F.C.) independently screened the records. Inclusion and exclusion criteria were defined a priori. Agreement on final inclusion was reached by consensus.
A study was included if it reported on %EWL and/or DM remission after bariatric surgery and if it studied patients of both African and Caucasian descent. We excluded studies that had a mean follow-up time of ,1 or .2 years after surgery. Studies including patients ,18 years of age or with a BMI ,35 kg/m 2 were excluded as well. No restrictions were imposed regarding publication date and study design. Furthermore, any type of bariatric surgery was included in our analysis (restrictive and malabsorptive procedures as well as a combination of both). Restrictive bariatric surgery was defined as bariatric surgery without any malabsorptive component, whereas malabsorptive bariatric surgery was defined as any type of bariatric surgery that did include a malabsorptive component. We allowed co-interventions such as cholecystectomy.
Data extraction
From the included publications, the following data were extracted: first author, year of publication, study design, type of bariatric surgery, and number of included patients of African and Caucasian descent and their sex and age. Furthermore, we extracted baseline BMI, baseline prevalence of DM, (mean) follow-up time, %EWL 1-2 years after surgery, and the prevalence of DM 1-2 years after surgery. %EWL was defined as described by Deitel et al. (14) . The criteria used to classify DM were not the same in all included studies. Therefore, DM was either defined as an HbA 1c $6.5% and/or use of antidiabetic drugs (15, 16) or as a fasting plasma glucose .150 mg/dL and/or use of antidiabetic drugs (12) . DM remission was defined as the percentage of those with DM at baseline that had an HbA 1c ,6.5% (15, 16) or a fasting plasma glucose ,120 mg/dL (12) and discontinued the use of antidiabetic drugs 1-2 years after surgery.
If data concerning %EWL or DM remission were only available for the total population (and not stratified by ethnic group), we contacted the corresponding author for additional information up to five times, provided that there were .10 patients of African and Caucasian descent included in the study. Furthermore, if only data on %EWL were reported, the corresponding author was contacted for additional information on DM remission in both ethnic groups and vice versa. If we were not able to obtain data on either %EWL or DM remission in patients of both African and Caucasian descent, the study was excluded.
Quality assessment for individual studies and overall quality of evidence Two reviewers (W.M.A. and F.C.) independently assessed the quality and the risk of bias in each included study using the Newcastle-Ottawa Scale, which has been developed to assess the quality of nonrandomized studies (17) . The scale awards a maximum of 9 points to each included study: 4 points for an adequate selection of the study population, 2 points for comparability of case subjects and control subjects (e.g., African Americans and Caucasians) included in the study on the basis of the design and analysis, and 3 points for the adequate ascertainment of the outcome in the study. We defined studies of high quality as those that scored the maximum 9 points on the NewcastleOttawa Scale; studies of medium quality scored 7-8 points, and studies that scored ,7 points were defined as low quality.
We rated the overall quality of our evidence by considering the quality (as measured by the Newcastle-Ottawa Scale), generalizability, and heterogeneity of included studies, according to recommendations by the Grading of Recommendations Assessment, Development, and Evaluation Working Group (18) .
Statistical analysis
The meta-analysis was performed using Review Manager 5.1 (The Cochrane Collaboration, Oxford, U.K.). First, we analyzed the mean absolute difference in %EWL between patients of African and Caucasian descent for any surgery type. Subsequently, we performed subanalyses for malabsorptive and restrictive procedures. For these analyses, data were synthesized using inverse variance with mean difference in %EWL and 95% CIs as the effect measures. If only a P value for the difference between ethnic groups was given without the 95% CI, the SE and 95% CI were calculated using the inverse Student t test. A negative mean difference suggested a %EWL in favor of the patients of Caucasian descent. The data were pooled using a random-effects model. Heterogeneity was assessed using the I 2 statistic.
Furthermore, we analyzed the difference in DM remission between patients of African and Caucasian descent. We calculated the number of patients with DM remission from the extracted prevalence of DM before and after surgery. Data were synthesized using Mantel-Haenszel with odds ratios (ORs) as the effect measure. An OR .1 suggested a DM remission in favor of the patients of African descent. Again, the data were pooled using a randomeffects model and heterogeneity was assessed using the I 2 statistic.
For the analyses concerning %EWL, we performed sensitivity analyses in order to explore the robustness of the data and the influence of certain factors on effect size. Therefore, we repeated our %EWL analysis while excluding studies that did not have follow-up data available at 12 months exactly (for example, studies that had a mean follow-up time of 18 months or studies with 12-24 months of follow-up time). Furthermore, as it has been published that baseline BMI may be negatively associated with weight loss after bariatric surgery (19) , we repeated the analysis for %EWL while excluding studies that reported a difference in baseline BMI between patients of African and Caucasian descent .1 kg/m 2 . Last, we performed a sensitivity analysis in which we only included high-quality studies, based on their Newcastle-Ottawa Scale score.
RESULTSdFigure 1 summarizes the study identification and selection process. After removal of duplicates in the EMBASE and MEDLINE search, 456 potentially relevant records were identified. After reviewing these publications, 425 were subsequently excluded: 208 because there were no follow-up data available after bariatric surgery, 96 because there was no inclusion of both African American and Caucasian patients in the study, 101 because there were no follow-up data available on either %EWL or DM remission, 11 because the follow-up time was ,12 months, and 9 because data on %EWL and DM remission were missing in a study population that included ,10 patients of African and Caucasian descent.
Of the remaining 31 records, 4 were excluded because the study population in these records was reported in other included research as well (20) (21) (22) (23) . Thirteen records were excluded after data extraction, as there were no data available on either %EWL or DM remission in both African American and Caucasian patients, and the data could either not be retrieved or there was no response after repeatedly contacting the authors.
Finally, 14 studies were included in the analysis of difference in %EWL (n = 13) (4) (5) (6) (7) (8) (9) (10) (11) (12) 16, (24) (25) (26) and difference in DM remission (n = 3) (12, 15, 16) between patients of African and Caucasian descent. Of the 14 included studies, 9 reported outcomes of malabsorptive bariatric surgery (4, 5, 7, 9, 10, 12, 16, 24, 26) , 4 on restrictive procedures (8, 11, 25) . One study investigated two separate groups in which the effect of either vertical banded gastroplasty (restrictive) or vertical banded gastroplasty combined with gastric bypass (malabsorptive) was studied (6) . We entered the data of these two groups separately in our analyses, defining the study as Capella VBG 1993 and Capella VBG-GB 1993.
Two studies reported on the combined outcome of DM improvement and/ or DM remission after bariatric surgery (10,11). As we could not retrieve isolated data on DM remission, we did not include these studies in our analysis of DM remission. Table 1 contains the characteristics of the 14 included studies.
Risk of bias assessment
Four studies were deemed to be of high quality (4,5,11,25), eight of medium quality (6) (7) (8) (9) (10) 12, 16, 24) , and two of low quality with a Newcastle-Ottawa Scale score of 6 points (15,26) ( Table 1 ). The studies defined as medium and low quality all had in common that they did not specifically aim at comparing African Americans and Caucasians in the study population. As the comparability of certain factors that might have influenced our outcome, such as baseline BMI or age, was therefore reduced, these studies automatically lost one or two points of the Newcastle-Ottawa Scale score. The two studies that were defined as low quality lost an additional point for other potential bias: the first showed potential participant selection bias because only patients with a diagnosis of hypertension were included (15) , and in the second, weight loss results were based on self-reported weight data of the patients (26) .
Across studies, the main bias related to difference in the type of bariatric surgery and follow-up time. Furthermore, as criteria used to classify DM were not the same in all included studies, the comparability of the prevalence of DM in these studies was reduced.
Difference in %EWL between patients of African and Caucasian descent
The analysis of the pooled data on difference in %EWL 1-2 years after surgery contained 1,087 patients of African descent and 2,714 patients of Caucasian descent ( Fig. 2A) . When we included all types of bariatric surgery in the analysis, the mean difference in %EWL between the ethnic groups was 28.36% (95% CI 210.79 to 25.93), significantly in favor of the patients of Caucasian origin.
The subanalysis for malabsorptive surgery contained 920 patients of African descent and 2,424 patients of Caucasian descent (Fig. 2B) (Fig. 2C) .
Difference in DM remission
The analysis of the pooled data on difference in remission of DM contained 195 African American and 342 Caucasian patients (Fig. 3) . The remission of DM was somewhat more frequent in African American than in Caucasian patients (1.41 [95% CI 0.56-3.52]). However, this was not statistically significant.
Sensitivity analyses
First, we investigated whether the difference in %EWL between patients of African and Caucasian descent after any type of bariatric surgery would be influenced if the studies that reported only mean follow-up times, or variable follow-up times (i.e., a follow-up time of 12-18 months) different than exactly 12 months, were excluded. Therefore, we removed four studies with a follow-up time of between 1 and 2 years (5, 6, 8, 12) and two studies with a mean follow-up time of 407 days (16) and 17-40 months (26) from the analysis. The subsequent sensitivity analysis Figure 1dStudy selection. **If data concerning %EWL or DM resolution were only available for the total population (and not stratified by ethnic group), we contacted the corresponding author for additional information, provided that there were more than 10 patients from African and Caucasian descent included in the study.
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Data are mean 6 SD or mean (range), unless otherwise indicated. GB, gastric bypass; LAGB, laparoscopic adjustable gastric banding; LARYGB, laparoscopic Roux-en-Y gastric bypass; NA, not available; NOS, NewcastleOttawa Scale; PRO, prospective observational study; RET, retrospective observational study; RYGB, Roux-en-Y gastric bypass; VBG, vertical banded gastroplasty. *P value for difference in %EWL between those of African and Caucasian descent. **Capella and Capella (6) . One study investigated two separate groups in which the effect of either vertical banded gastroplasty (restrictive) or vertical banded gastroplasty (malabsorptive) combined with gastric bypass was studied. We entered the data of these two groups separately in our analyses, defining the study as Capella VBG 1993 and Capella VBG-GB 1993. ***The Newcastle-Ottawa Scale has been developed to assess the quality of nonrandomized studies (17) . The scale awards a maximum of 9 points to each included study: 4 points for an adequate selection of the study population, 2 points for the comparability of the African Americans and Caucasians included in the study on the basis of the design and analysis, and 3 points for the adequate ascertainment of the outcome in the study. The number of included patients was not equal to the number of patients with available follow-up data in all studies. If loss due to follow-up was not reported, we assumed that number of included patients is not equal to the number of patients with available follow-up data. Furthermore, we examined the effect of differences in baseline BMI between the ethnic groups on the difference in %EWL after surgery. In this second sensitivity analysis, we therefore only included studies that reported a difference in baseline BMI of #1 kg/m 2 between patients of African and Caucasian origin (four studies, including 475 African Americans and 624 Caucasians) (10, 11, 16, 25) . Again, our findings remained similar; the mean difference in %EWL was 28.49% (95% CI 212.74 to 24.23) in favor of the Caucasian patients (data not shown). Last, we only included studies that were considered high quality based on Newcastle-Ottawa scores (four studies, including 110 African Americans and 165 Caucasians) (4, 5, 11, 25) . In this analysis, the mean difference in %EWL was 214.72 (95% CI 219.09 to 210.36), still in favor of the Caucasian patients (data not shown). Supplementary Fig. 1 shows a funnel plot examining possible publication bias of the results on the difference in %EWL between those of African and Caucasian descent. One study showed possible small-study publication bias (9) . After excluding this study from the analysis of the pooled data on difference in %EWL, our findings remained similar; the mean difference in %EWL was 27.33 (95% CI 28.50 to 26.17) in favor of the Caucasian patients (data not shown). We did not examine possible publication bias of the results on difference in DM remission, as guidelines do not recommend testing for funnel plot asymmetry in analyses of ,10 studies (27).
Publication bias

Overall quality of evidence
The overall quality of the evidence on the difference in %EWL between African American and Caucasian patients was moderate. Most studies in our metaanalysis consistently showed a greater % EWL in patients of Caucasian descent than those of African descent. Apart from one study that only scored 6 points (26), all studies were graded 7 points or above on the 9-point Newcastle-Ottawa Scale for quality. The studies were heterogeneous (67%) (Fig. 2A) , and we used randomeffects models for the meta-analyses. Sensitivity analyses showed good robustness of the data concerning %EWL. Overall, we regarded our results on the difference in %EWL between African American and Caucasian patients to be generalizable to other populations undergoing bariatric surgery.
We regarded the overall quality of evidence on the difference in DM remission between the ethnic groups as poor, as there were only three studies included in the analysis (12, 15, 16) . One of these studies only had a score of 6 points on the Newcastle-Ottawa Scale (15) . Furthermore, the studies were heterogeneous (59%) (Fig. 3) . Due to the few included studies on DM remission, we were not able to perform subgroup analyses on DM remission.
CONCLUSIONSdThis meta-analysis shows that in terms of %EWL, bariatric surgery is more effective in patients of Caucasian descent than in patients of African descent, regardless of the type of surgery. Sensitivity analyses show good robustness of the data concerning %EWL. Furthermore, although based on limited data, this meta-analysis suggests that despite the difference in %EWL, there are no statistically significant differences in remission of DM between these ethnic groups after surgery.
The etiology of the difference in weight loss between patients of African and Caucasian descent is not clear. Biological, psychological, genetic, and socioeconomic factors have all been suggested to play a role. Several studies have shown that Caucasians have greater improvement in energy expenditure and maximum uptake of oxygen in response to diet and exercise weight loss interventions than African Americans, suggesting a decreased weight loss efficiency among African Americans (28) (29) (30) .
Although it has been published that African Americans are less physically active and consume a diet higher in calories than their Caucasian counterparts (31), Buffington and Marema (5) and Wardé-Kamar et al. (26) did not find any significant differences in calorie or nutrient composition of intake after bariatric surgery between African Americans and Caucasians. This suggests that diet may not be a major contributor to the difference in %EWL after bariatric surgery.
In the U.S., African Americans usually have a lower socioeconomic background than their Caucasian counterparts (7) . As a low socioeconomic status is known to be associated with obesity and most studies included were conducted in the U.S. (32) , this might partly explain the ethnic difference in weight loss after bariatric surgery as well. However, because socioeconomic data were not reported in the studies analyzed, this remains speculative.
We found that, despite the difference in %EWL, there were no statistically significant differences in remission of DM between African American and Caucasian patients after surgery. This finding has to be interpreted with caution, as the results of the analysis concerning DM remission were based on the pooled data of only three studies, yielding a wide confidence interval of the reported OR. Furthermore, aspects that may have influenced DM remission after bariatric surgery, such as the duration of DM at baseline, remaining b-cell function, and amount of antidiabetic medication used by the patients, could not be taken into account in this meta-analysis, as data on these topics were not reported in the included studies. For these reasons, we cannot be certain of the extent to which our results concerning DM remission can be attributed to biological differences between the ethnic groups. However, as it is known that ethnic differences in the regulation of glucose homeostasis, as well as insulin secretion, action, and metabolism, exist (33), a contributing explanation for our finding might be that DM in the African American patients is determined more by insulin resistance than in the Caucasian patients.
The knowledge that ethnic differences in weight loss after bariatric surgery exist is useful because this can help professionals provide realistic treatment expectations to all patients. It should be taken into account, however, that the achieved amount of %EWL in African American patients is not necessarily disappointing; in most of the studies on malabsorptive surgery, the %EWL in African American patients was .60%. Furthermore, our finding that there was no ethnic difference in DM remission despite a lower amount of %EWL in African American patients, although based on limited data, suggests that the metabolical significance of the difference in %EWL between African American and Caucasian patients may be limited. Indeed, Parikh et al. (11) have shown that even with moderate weight loss, comorbidity remission can be achieved. As for mortality benefit, this is related to comorbidity remission and not weight loss per se (34) . Further prospective studies are needed to determine ethnic differences in remission of comorbidities after bariatric surgery.
This meta-analysis has its limitations. First of all, we have to accept the disadvantage of a meta-analysis of observational studies; it is inevitable that the differences in study design between the included studies will somewhat bias the results of the pooled data (35) .
Although most studies scored considerably well in the Newcastle-Ottawa Scale, many of these studies probably did not control for all possible confounders. For example, we were not able to adjust our results for baseline BMI. In most of the included studies, the baseline BMI was (slightly) higher in African American patients than in Caucasian patients. As it has been published that a higher baseline BMI may negatively affect the amount of %EWL (19) , this may have affected the outcomes of our study. However, when we excluded the studies that had a difference in BMI .1 kg/m 2 between African American and Caucasian patients, this did not alter our results. Another factor that might have biased the results of this meta-analysis was that we were not able to adjust for socioeconomic status, sex, and age, as there was no or limited data present on these variables stratified by ethnic group in the included studies. These and other hidden confounders, as well as the differing study designs used, might have affected the results of the individual studies and hence the results of the pooled data.
Concerning our results on DM remission, a major limitation is the few studies we were able to include in our analysis. The published data on an ethnic difference in DM remission after bariatric surgery are scarce. Furthermore, the definition of DM was not the same in all studies, which reduced comparability of the prevalence of DM in these studies. Moreover, some studies that did provide follow-up data on DM did not distinguish DM remission from improvement and were therefore excluded from our analysis (10, 11) . In addition, we were not able to adjust for factors that might have influenced our results concerning DM remission, such as DM duration at baseline, remaining b-cell function, and the amount of antidiabetic medication used. Finally, as DM remission after bariatric surgery is lower after 10 years than after 2 years (36), our limited follow-up time precludes a definitive statement about long-term DM status.
All in all, this meta-analysis shows that in terms of %EWL, bariatric surgery is less successful in patients of African descent than in patients of Caucasian descent. Despite these ethnic differences, bariatric surgery should absolutely be considered as a long-lasting and effective treatment for morbidly obese individuals of African and Caucasian descent. Further prospective studies are needed to both determine ethnic differences in remission of comorbidities after bariatric surgery and to investigate the exact mechanism behind these ethnic disparities.
